The re-unification of the two Koreas is seen as a potential solution to the aging problem and low fertility, along with the increase in the old population structure of the Republic of Korea. Population structure is an indicator of national competitiveness or growth, but little is known officially about the populations of Democratic People's Republic of Korea (DPRK). Understanding the population structure of the DPRK is important to prepare for re-unification and estimate the socio-economic costs of national welfare under a re-unified Korea. In this paper, we assess reliability of the two modern national censuses of DPRK and use the limited resources available to reconstruct the intercensal populations between these two censuses. Excess deaths from the 1995 famine are estimated at 489,972 to 574,306 and are close to the estimates of Goodkind et al. (2011) and the reconstructed populations in the of DPRK implies a big difference between two Koreas.
Introduction
Koreans have dreamed of reunification since Korea was broken into two in 1948. Different political, economic and social systems stemmed from the division of Korea during the past 57 years necessarily bring the different vital statistics and population structures. The levels of vital statistics (like fertility and mortality) in a country reveal national living conditions such as child nutrition, health, medical services, and social insurance and welfare. Population aging in the population structure is also a basic indicator that indicates the potential for a country's growth; therefore, understanding the current and future population of two Koreas is an important task for a unified Korea.
Official population statistics for the Republic of Korea (South Korea) have been published every five years with scientific accuracy and reliability; however, little is known about the Democratic People's Republic of Korea (North Korea) with only two published modern national censuses in 1993 and 2008. Compared with the 1993 census which is the first census ever taken in North Korea, the 2008 census was reported as much improved (Engracia, 2010) . In addition to these two censuses, North Korea occasionally released crude death rates and life expectancies in 2003, 2004 and 2005 by Reproductive Health Surveys (RHS, DPRK Central Bureau of Statistics, 2000 Statistics, , 2004 Statistics, , 2007 , conducted in collaboration with the United Nations; however, the reliability and quality of the population statistics remain questionable (Goodkind et al., 2011) .
This paper is to understand the recent population structure of North Korea between 1993 and 2008 based on the two censuses and vital statistics. This paper addresses two issues: first, we discuss how to reconstruct the intercensal population of North Korea between 1993 and 2008 with the limited population resources. Second, based on the reconstructed population, how many people died from the famine of 1995 to early 2000's when the Soviet Union began to cut economic aid along with a series of floods and the collapse of heavy industry (Goodkind and West, 2001) .
Research on population trends in North Korea have been rarely published due to limited population information. Adlakha and West (1997) projected sex-specific total populations in North Korea using annual age-specific death rates from the famine related experience of China's Great Leap Forward (1958 -1962 . Goodkind and West (2001) offered population trend and life expectancies for 1994-2000 in North Korea based on the official crude birth and death rates for 1995 and 1998 (published in 1999 by North Korea) and information from North Korea famine refugees in China (Robinson et al., 1999) . The research indicated that the number of famine-related deaths between 1995 and 2000 were 600,000∼1,040,000.
We will temporarily use the life expectancies of 1994-1998, provided by Goodkind and West; however, we will show that their life expectancies were over-estimated, in terms of the extent of the consistency between populations constructed from 1993 and those from 2008. Lee (2004) estimated that the total number of famine deaths was 580,000∼690,000 from 1994 to 2000 using the population component method under the closed population assumption (i.e., no international migration). The estimates were revised downward to 500,000 and 600,000 (Goodkind et al., 2011) and to 240,000 and 420,000 (Spoorenberg and Schwekendiek, 2012) .
Statistics Korea (2011) conducted population estimates and projections and released the material in the report "1993-2055 Population Projection of North Korea". However, it did not provide detailed methods for population estimates. First, it reported that North Korean life expectancies of were 59.5 for males, and 66.4 for females in 1998 without providing any methodological reason or references. Second, it reported an adjustment of the age-specific population using survival rates from the life table without adjusting the omitted military population in the 1993 census data. Third, it extended the open end age of the 2008 census from 80+ to 100+ by assuming that the mortality pattern of 2008 was the same as 1993. However, the mortality pattern seems changed, probably due to the famine-related excess deaths as shown in the life expectancy pattern.
Comprehensive analysis for the North Korean population was offered by Spoorenberg and Schwekendiek (2012) . They demonstrated that official vital statistics (such as fertility and mortality) were reliable according to the consistency of the reconstructed and observed 2008 populations. They also estimated the total number of excess deaths caused by the famine in the 1990's as between 240,000 and 420,000. However, their approach to reconstruct populations between 1994 and 2007 has a drawback by assuming that life expectancy returned to the 1993 level in 2000. This resulted in a three year life expectancy decrease from 2000 and 2008 but it is unrealistic without an explicit event or natural disaster during the period and is also contradicted by empirical evidence that shows notable improvement in child malnutrition for [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] 
Assessment of the 1993 and 2008 Censuses in North Korea
The government of North Korea released single-age population and mortality with exclusion of the military population in the 1993 census enumeration, while single-age population but five-year age group mortality and military population in the 2008 census. A prerequisite for population reconstruction between these two censuses is to calculate a single age-sex specific military population for the complete 1993 census data and to construct single-age mortality rates in the 2008 census.
Military population in the 1993 census
The 1993 census data in North Korea include the total population of 21,213,378 and single age-sex specific population; however, the sum of the single age-sex specific population is 20,522,351. This lower total population difference of 691,027 has been regarded as the military population (Adlakha and West, 1997; Spoorenberg and Schwekendiek, 2012) . As Spoorenberg and Schwekendiek (2012) suggested, we apply the observed distribution of the 2008 military population to the total number of the 1993 military population under the assumption that the distribution of age-sex specific military population of 1993 is the same as 2008. We tabulate the resulting data with five-year age groups (i.e., 0-4, 5-9, . . . ,60-64) which include the five-year age group population calculated from the 1993 single age-sex specific population without military population. We then calculate the survival rates of these age groups with respect to the corresponding cohort age groups in 2008. For example, a 15-19 aged male in 1993 is compared to a 30-34 aged male. The survival rates should be less than 1 as there was no evidence that international migration existed in North Korea during these 15 years. Figure 1 shows intercensal survival rates of the 1993 population to the corresponding five-year age group cohort of the 2008 population. Figure 1(a) shows survival rates without the allocation of the (Figure 1(b) ). We employ the generalized growth balance (GGB) method proposed by Hill (1987) to assess the allocation of the 1993 five-year age group and sex military population. GGB is one of most practical methods to evaluate the completeness of the census and death reporting system in a country with a closed population such as North Korea. We agree with Goodkind et al. (2011) and Spoorenberg Schwekendiek (2012) in the assumption that the 2008 census is more complete than the 1993 census. Application of the GGB method on the 15-55 age group (where most of the military populations are distributed) produces 99.3% completeness of the 1993 census for male and 98.6% for females (relative to the 2008 census) and implies that the allocation of the military population in 1993 ( Figure  1(b) ) is reliable. However, the completeness of the death report between the two censuses is 76.3% for men and 33.6% for women. The low percentages might be caused by the famine that started in 1995; however, it also could be from different mortality patterns in the 1993 and 2008 populations due to the famine because the GGB method presumes that the two adjacent census population are stationary (i.e., the same mortality pattern) (Jeon et al., 2012) .
We finally construct a single age-sex specific military population in 1993 from the five-year age group and sex population. This transformation from the five-year age group population to single-age group population is necessary to construct a single age-sex specific population between 1994 and 2007 and estimate famine related excess deaths from 1995 to 2000.
Mortality and life expectancy
Death statistics are required for demographic analysis and public health administration. The mortality pattern of North Korea can be characterized by fitting to the Coale-Demeny and United Nations model life tables (Coale and Demeny, 1983; United Nations, 1983) , as well as the standard mortality of South Korea provided by Park et al. (2013) to see how related the two Koreas are in terms of mortality pattern. We apply the following Bass-logit model (Brass, 1977) to examine which model life table provides the best fit to 1993 and 2008 mortality data.
where m x is the mortality rate at age x, and m s x is the mortality rate at age x from model life tables. The age x ranges 1 to 60 as death rates at birth are unreliable (Spoorenberg and Schwekendiek, 2012) . Table 1 shows the coefficients of determination for six model life tables and the standard mortality of South Korea. The standard mortality of South Korea unexpectedly shows the worst fit to the mortality pattern of North Korea in 1993 and the second worst fit in 2008. This shows that the two Koreas are totally different countries in regards to mortality patterns and indicating that medical care and welfare system in North Korea are far worse than South Korea because the south and east types of model life tables (which show the best fits to the mortality of North Korea) are typical mortality patterns for developing countries with a high mortality of infant, children and elderly. The 1993 and 2008 population pyramids clearly address a sharp difference of population structures between the two Koreass ( Figure 2 ). One more surprising result is that the south type with the best fit for 1993 shows the worst fit to the 2008 mortality data; however, the east type with the second worst fit for 1993 shows the best fit to the 2008 mortality. This implies that the mortality pattern of the south type in 1993 changed to the east type in 2008 due to the famine that started in 1995, as long as one can rule out that this shift was not caused by problems in one (or both) of the censuses. Note that north type is the best for females in 2008; however, we believe that this was by chance as the north type is representative for developed countries with low mortality for infants, children, and the elderly.
Based on this observation, we assume that the mortality patterns from 1993 to 1998 follow the south type of Coale-Demeny life table; however, those from 1999 to 2008 follow the east type in constructing the population of 1994-2007 in the following section. Note that we still have a five-year age group and sex mortality open ended at 80 years old in 2008 and need to expand the mortality rates (Greville, 1945) to obtain the 2008 mortality rates by single age-sex group from those by five-year age groups and sex.
Reconstruction of the Population for 1994-2007 and Famine-Related Excess Deaths
There have been two comprehensive discussions on North Korean life expectancies at birth for 1993-2008, using a piece of information for crude death rates and life expectancies and using the experience of Great Leap Forward Famine in China (1958 China ( -1962 (Goodkind and West, 2001; Spoorenberg and Schwekendiek, 2012) . They commonly state that the lowest life expectancy occurred in 1998, three years after the onset of the famine in North Korea. This is the reason why we set different mortality types prior to and after 1998.
Estimation of populations for 1994-2007
We temporarily use Goodkind and West's Table 2 and the life expectancies of 1993 and 2008 are obtained by the method described in Park and Kim (2011) . We match the life expectancy at birth of the south type with the life expectancies of 1994-1998 (Table 2 ). This match can be done by linearly interpolating the given life expectancies of model life tables. For example, the mortality rates for male in 1995 with life expectancy of 67.2 are estimated by the south type with a life expectancy of 67 multiplied by 0.8 plus the south type with 68 multiplied by 0.2. The mortality rates are applied to Greville smoothing to provide single-age mortality rates since this represents five-year age group mortality rates open ended at 100 years old. This procedure is repeatedly applied, regardless of sex for all years from 1994 to 1998. The application of the same method to the east type for the mortality rates of 1999-2007 then provides single age-sex specific mortality rates for all 16 years from 1993 to 2008.
Let P a t , D a t , and d a t be the population, deaths, and mortality rate of age a in year t, respectively. Then the population balanced equation under no international migration is defined by
Since we have complete single age-sex specific population for the two censuses, 1993 and 2008, and for t = 1998. Here, for the population at age 0 from 1994 to 1997, the crude birth rates officially reported for 1996 , 1998 (Moon, 2011 are used with the sex ratio at birth constant at 1.05 (Goodkind, 1999) . The crude birth rates for 1994, 1995, and 1997 are linearly interpolated. Note that the crude birth rates for 1999-2007 are unnecessary because the population aged 0 is directly estimated by the population balanced equation from the population aged 1 in the next year.
This process produces two estimates for the 1998 population, calculated forward from the 1993 census and backward from the 2008 census. The two estimates show a clear discrepancy in the total population for each sex (Figure 3 ). This implies that the presumed life expectancies for 1994 -1997 (Goodkind and West, 2001 ) are too high; consequently, we revise the life expectancies of 1994-1997 so that the 1998 total population of each sex (estimated forward from 1993 and backward from 2008) are consistent. To do this, we assume that the life expectancies of both 1997 and 1998 are the same. This assumption is partly due to some ambiguity about the onset and end of famine conditions (Goodkind and West, 2001; Lee, 2004; Haggard and Noland, 2007) and partly for convenience of the revision; however, it does not affect estimation of excess deaths from the famine, which is one of our aims in this paper. We then further assume that the mortality rates in 1995 are twice than other years to accommodate an immediate effect of the onset of the famine that yield a decline of the life expectancy from 1995 to 1996 double that of 1993 to 1998. The second row of Table 2 summarizes the resulting life expectancies.
The revised life expectancies which produce consistent population of each sex in 1998 allow us to restore a single age-sex specific population for 14 years from 1994 to 2007 with the same approach as life expectancies in the first row of Table 2 .
Famine-related excess deaths
Two counterfactual projections are utilized to measure impact of the famine that started in 1995 on the population between 1995 and 2000. We hold all demographic parameters in the population projection constant and only vary the mortality rate as Spoorenberg and Schwekendiek (2012) did. The first assumption of mortality is fixing the mortality levels from 1994 to 2000 on the mortality of 1993. This mortality assumption produces a lower bound of famine-related excess deaths because death rates throughout the world have decreased due to advances in medicine and improved living conditions. The second assumption of mortality is a decline of 0.6% per year in the mortality rate; consequently, the average magnitude of mortality declines from 1999 to 2008. Dyson and Cormac (2002) indicated that the mortality rate is expected to rapidly decrease once a crisis like a famine in North Korea passes along with a second assumption of an upper bound of famine-related excess deaths.
Single-age specific excess deaths from the famine for each sex are estimated by subtracting the lower and upper bounds from the reconstructed populations in Section 3.1. Table 3 summarizes famine-related excess deaths for certain age groups and shows that the excess deaths from 1995 to 2000 range from 489,972 to 574,306. Female deaths are larger than male deaths; consequently, females suffered a higher mortality than males during the famine period in North Korea with famine related female deaths estimated at 297,719 to 332,513 versus male deaths estimated at 192,073 to 241,794. The reason female deaths were more than male in any of age cohort can be explained partly because in the case of younger generations, more males were in the military and more likely to survive than females. Likewise, female seniors were less likely survive the famine due to their lack of access to resources such as food or medicine when there was a malfunctioning system of income redistribution. Additionally, infants and children deaths aged 0-9 and the old aged 60 or more occupy 25.1%∼25.8% and 38.7%∼40.5% of famine related deaths, respectively. In particular, female deaths aged 60 or more are 2.41∼2.6 times higher than male deaths for the same age group. This implies that the deteriorating living conditions (due to the famine) affected females more than males, infants and children or elderly than adolescent and adults.
Concluding Remarks
We proposed a method to reconstruct the population of North Korea, with limited population resources. Inclusion of the military populations produced a smooth survival rates and quite good completeness of census, relative to the reliable 2008 census. Intercensal populations between two censuses showed a discrepancy due to the severe famine, provoking excess deaths of the elderly and female children. This severe famine changed the mortality pattern of North Korea from the south type to the east type among Coale Demeny model life tables. We estimated mortality rates and finally reconstructed the population from 1994 to 2007 based on life expectancy and the model life table. The reconstructed population showed a significant difference between South and North Koreas consequently, famine related excess deaths are estimated between 500,000 and 600,000.
Understanding the current and future population structures of both Koreas is a salient task required for a unified Korea. Our future work will include a population projection of a unified Korea based on the reconstructed population of North Korea provided in this work. Future work will also produce various aging indices and dependent ratios for a series of time schedules of unification to assess the population aging speed or degree and economic potentiality for a unified Korea. Review, 38, 133-158. Statistics Korea (2011 ). 1993 -2055 Population Projection of North Korea, http://kosis.kr/statisticsList. United Nations (1983) . Manual X: Indirect Techniques for Demographic Estimation.
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